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Semiconductor nano-crystal manufacture used in non-volatile memory, such 
as EE PROM, production - involves heat-treating thin silicon© film, formed 
at negative pressure, at temperature above film deposition temperature 
and in helium atmosphere to form nano-spheres with preset diameter 
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Abstract (Basic): JP 11111867 A . 

NOVELTY - A thin amorphous silicon film (3) and a tunnel insulating 
film (2) are formed on a Si substrate (1) at negative pressure. The 
silicon film is heat-treated at temperature exceeding its formation 
temperature and in helium gas atmosphere devoid of oxidation property. 
Ball-shaped nano-crystals (4) with approximate diameter of 18 nm is 
formed on the insulating film (2). 

USE - For semiconductor memory element in non-volatile memory, sucn 
as EEPROM and floating gate of memory. 

ADVANTAGE - Enables to adjustment of density and size ot 
nano-crystal. Thickness of insulating film between nano-crystal and 
channel area is easily adjusted. Minimises variation in _ characteristics 
such as threshold value and write-in ability. Enables high speed 
rewriting operation to be performed. < 

DESCRIPTION OF DRAWING - The drawing indicates side view ot 
nano-crystal. (1) Silicon substrate; (2) Tunnel insulating film; (3) 
Thin amorphous silicon film; (4) Nano-crystal. 
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±E*fr"CHl (D)^"TJ:5^, effid 0 *S8nm, felPB 
# 6 nm, +^^Ojegfi s *S 1 4nmSS<7>^y ft* 4 

[0 0 5 1] ±E [7*^77^^!) 3^)|R<7?it8!X 

^h!)e/7V^S:fflv^t)J:v^ iE*^^^^* 

=&^ 5 00-5 5 0t, 4 5 0-5 00t, 400 
-4 5 0 < C<OmS«Sffl"CT^r/^> ? T^v'y a^fHRSr* 

[0 0 5 2] ftW^tl^^A^!)!: 
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[0053] ±ia [f&^sxmi ©jaatt, ssa 

H*«»"Ctt7 5 Otfc Lfc. 1 0 TorrgUKD 

<*>;*:* a # tf b o < ^fl^R^Si C 5 <o-e»* u < 

4*. **** Jtffl*tf»*R*rP- 
K o <y * LTlfcSI "TfBtt C V DRJSS t y VfT 

[0 0 5 4] fttc, mi (E) Ul^t^ 7nmS 
*OSi0 2 BS*CVDj5fe^J:9«aU"C, 

oa, -tia^ y >-s& 1 k w v«* 7 , 8 

d Q =2 r Q <2h/ [8mkT] 
[0 0 5 9] *fc. lfi<D^y*Sft**<D^>'*Sftfc« 

jgrftfesi, |&WBt*:Si0 2 i:1-*fc* *o«Stt«&3. 
2eV)-CH**bfc^-Y , JTfflCi&»«*iU HB<0« 

#Ao-C< *<D«:Rik^*ja*(* n~v:/n s/^r- K) 
# qV(2C) <o*BJpas*M4;»S> b 

[0 0 6 0] q 2 /(2C)>kT (*5) 

C = 47t£ i d 0 (S6) 

i 



[0 0 5 5] ±EM t »#^>'»*<o*!S*»"CI*. T ^ 
/i/77^v9 3vW3<oB»tll!«l*i*-cWit5 
+ y ttAO^^RKOENI s £*«BU¥ t tlHIW 8 £ fc 

:^aot, ^c9^y*gfi4ogr{g;^^-^g 

£9 *+3TBfl 

[0 0 5 6] ±15i-ylBfi4©KaSr 1 8nu*?glC-?-£ 
[0 0 5 7] 41\ ±E^©^«A4:¥«ro<0* 

E = hV(8m)X (l/r 0 2 ) «3) 

(h : T^X^JtSt m : S^-CD^SbfCft) 
-CS^n^o ±lWV»ft#, *»4»6>r©«»*rS 
ltSwi:4<s **3 T0>W U"C*aii« 

[0 0 5 8] 

E > k T (*t4) 
(k : #/vy^^5e», T : 

±!B(*3), (^4)lcj:t9^-C^-y 3 7*>BJi:£«>« 

1/2 ^18nm W4) 

ttft<0*«d o tt, 



±BB(A6)S:(*5)«cftAb-C, 
q 2 /2/ (tc c t d 0 ) >kT 
d G <q 78 tc £ / kT 



«7) 



d 0 ^ 1 8nm 

[0 0 6 1] Lfc*5oT, ±ia^»#^/«*^»3fi^ 
[0 0 6 2] *fc, ilET^u^r^^y = 3 ^»R3Sr 

-r «t 5 tc, ^ / lea 4 *B^«ds*s(iiae{k e> 



-8- 



#iftS. 

[0 0 6 3] ±mr^yr^y)) =^»i3^«Si 
fcft, *:fttcS6>S4v^*BJ!:aj»i6ftlKSrSrt"r5 

*fc»*ft#«^fc6#fcifiv*fcfc9. IMfO-JVtt 

«>B»»a;t<(w/6)s*:*jai-5J:5^ mmmmt 

BWfi-6^te*4ia±*<oo<rfc4<, SVM^BB 
10 0 6 5]**:, ±C*V*r*4tt, i/!l3^64 

[0 0 6 6] Sfc/iE^y^^v^tBMbttSr^U 

K3Sr«9lS*fc«, 10TorrKT«0» 

5/ y a y«EBI 3 OitStfiL* 5 0 0 <C ^±<Z>2&« (750 

[0 0 6 7] ±IBIBl JUBBBo^WW^ylSftrolBt 

b^*/H|6»R2<o»*aK:^y»ft4feJg 
j*Lfc#, «#&j8fcLTfcJ:v\, 112(A) 

y vMBM>*fllxS] "C, 3 1 1 ±KT* 
yU7r^VJ a^JMU 2*r#*U B2(B)IC*tt 
5 tC v [JKHaaiS] «t 0 1 0nm«)^/*S* 1 3 %M 
ifcLfcSL H2(C)tc*1"J:5K:* "JVJBftl 3 3t®£ 
JJ£2nmftifR{frf*i:#fc* ^ynygSilgE^ 

5o ^UT, H2(D)lJl^i-J:5fc, ±Et/»4l3a 
*H«>BMtiBl 4ai±Eh^*/K6a«l 4bO±lc, 
W^7nn©fic0SiO 2 Ig*CVDifeiCj:i9*6«UT, =* 



1 6 t4£#&igr>y a>-«««:ft*H-s. ^£>#*£tS 

FWyfSi 7, l 8*:JB#-ra. roiSfc* ±B 

£1 3^ffi£¥»frg«l l*ffii:«rlMbbXJ|6»Ri 
4a, l 4bSr»*1-SrtiJ:J:or, ^.FW^S 
*1 7, l 8lBo^-r*yHi*fc+/tt*i 3ffi<Dh> 
*/v*6i&]g t ft siMdMrfilfP J: < ^ fc 

[0068] *fc, ±BJBi*is»«^tt^ vy^vs 

[0 0 6 9] Jiiar^/^r^y^-^Siit & 
T<35*ftt?L P C VDgBt-i t)*ai"^o 

[0 0 7 0] 

ttS : 3 5 Ot; 
: 2 5 P a 

[0 0 7 1] £/c, S/Da^SityA^-^AGe^ 
ftfi-JVUafcoV^Cfc* ^<DT 

[0072] ±iar ; e/^^7^vy = v^w^«?a?> 
■tf±, aT<o*fl="CLPCVDS6»lci9Jtai-S. 

[0 0 7 3] : gg7yfty/^-9^GeF 4 i 

i?5/7VSi 2 H 6 

: 3 7 5t 
: 2 5 P a 

4*5, S^^^COH^y^y/W^^AGeF^f^bO 

lc^yy^^GeH 4 $rfflv>T^J;v>L, Si 2 H 6 ^tt 
[0 0 7 4] ±B* l *K»«t?tt, ^y^^S 

t££ffl^fc#, H3tC^-r<t 51-, S I MOX (Separat 
ion by Implanted Oxyden) tf> .fc 54SOI (Semiconduct 
or on Insulator) Sffi 4 0 fcffl^T t> <fcV\> 0 3iC^T 
i5fc* *»*WR4 1.WMMUB4 2*5,t^^ 
S4 3-CM^HtSOlSS4 0J:^ h^^ftS 

PBSr*lt-C*tto^yj|*ft3 4Sr«filELrv^ 0 -tt 
±E-f/IS*3 4±fc bv*;v|fiWI83 2±U: = >- 

y-h««3 5±0^««:®4 3lC»«Sftfcy-^ 
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«^y-h««3 6Sr««L"CV^5. ±&*V*£ft3 4 

^soiSS40 ±^«rt * ttfc h 7 v V* * <d* * y 

[00 7 5] ($2»W |4(A)-(F)ri:^ 

[0 0 7 6] *1\ H4 (A) t^^i; v^D^yl 
£ 5 1 ±fc* 1 t H*©#tfe-o h v*;Hft»R 

5 2«t5 e 

[0 0 7 7] jjcfc;, 04 ©KS-t-J: 5 fc, 
JIB fc 4 nmOT^/V^ r * 5 3 v*K 

[0 0 7 8] Rfc, »T0>#ifc"C* sisas^tBtra- 

<Z> L P C V Dgg (H^tr-f ) "CT ^7 r * v- y =3 ^ 
3«H±^<&tt*«6 0frJBJ*t-*XS(H4 (0 

4 «r«fifc+-5 XS(H 4 (D) , (E) *r*«»c £ £>-f 

[0079] mtmTM] 

*SHF : 1% 
ttffl : 1 »M 

ttgfi«tf>J&*Xg] -11X1 O^TorrSTKSSI 

: 5 9 0t: 

JEA : lxl0~ 5 Torr 

: lOsccm 

l$M : 12£IB 

[ieft{isofci?>ojR«iaxa] 

J&* : 7 7 0t; 
&£} : 1X1 0~ 9 Torr 
: 6 0»W 

±E*ftt?H4(E)l^1-J:5^ iE^8niD, HQRK6n 
m, +^ffi^K8ll 4©t/efi5 4iS**t?*fc, -b 

[0 0 8 0] ±E»*»»*Ol!«fc**5^ 55 

o-6 2 ot:<7>taft*fiii35 s a*u\ ±es^7 

Jttt, L"Ct>J:v\ ftfe, 0. 0 1T 



[0 0 8 1 ] ±IB [»MMfc©fc»<0**«X8] 

[0082] w»»ii-er*, 

o«!kftfflffl«S:W-i:Ufc« ±E BS*#0>»J*xa] 
tc*5V*t\ jaK*S5 5 ot»T"CW:te*{fc* s iB-e>ft 

[0 0 8 3] ftfc, H4(F)tc*1-±3fc:, ±Xri-/ti 

4±fc h^*/V»WS5 2±fcSi0 2 R*CVDife 

g«5 1 tdy— KWV««5 7, 5 8«:»J*"*-a. 
[00 84] ±IB^^y jB*<0»36*«fe-Cli, » 1 

^ y 3 yil 3 ^$Bl-3BSi 6 0 ^« i, «v^r 

yj|flg3 0$I^ B i6 0 4r«^Lri-/ttft5 4* 
ty3gfi5 4^tJJMSIt 

[0 0 8 5] iO|B23afc»«^^^y*S*^«B 

[0 0 8 6] ^Jx(f, T ; t/V7r^^- , >^1^ 

[0 0 8 7] [I5MIS] 
*g&H F : 1 % 

mm : i 4>m 

[»»#<D#J8XS] -11 X 1 0- 9 Torr*-CS^?l 

ia* : 3 9 0t 

JE^ : 1 X 1 0" s Torr 

^yy^yGeH 4 : 10s c cm 
^ffl : 10#W3 
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[00 8 8] [Jgi6{fc©fcfcO»&3Xe] 
®& : 7 5 0t 
f£fi : lXlO" 9 Torr , 
ftM : 6 0fMB 

[0 0 8 9] [Hfi&SXg] 
«HF : 1% 

b*ki : i #m 

[Uft«0»rtX« -11 X 1 0- 9 Torr*^K£3l 

a* : 390t 

J£^j : lXlO~ s Torr 

* / y;i^yGeH 4 ^9 : 1 0 s c c m 

f^fi\ : 1 2£BB 

r^GeF^ffl^T^J^U v>v-7 ^Oftfr 9 t^>7 

[0 0 9 0] BSfiftOfcfcwaM&SXS] 

^ : 7 BOX: 

: 1X1 0~ 9 Torr 

B#ffi : 6 0&W 

So 

[0 0 9 1] 4*5, r^RWO^ft^/ttft^StSfi* 

<D¥*f*tfvtt&*** y 7<0g»/- F£ U"Cfflv^ 

[0 0 9 2] *fc, ±B*l,»2WBe«t?tt. *• 
[0 0 9 3] 

£Jl±i:t)Wb^ftJ:5^, W#«l<0* 



[0 0 9 4] Lfc#ot, BNffll©*^***^ 
+ y 6. *»#^/tt*©ac««: 

Att. fR«4^b^co^«&§Jtsrt*<> aarr?« 

•Cfflf «E« pTIB*4*tt tf t)0^©'>ftv^ ¥ W#E* 

[0095] m*i2«>»wo*»fl^-/a*<o 

[0 0 9 6]^, BfcSaOfcHOH^tt^tt*^ 

v^T, ±E**«**#«««r«ai-fc** -bE¥^# 

«KTr±E*ft«*»#»«©*ffi©i^*»*i- 
a are, ±E*a»*»#»K*«*^fc«* 

[0 0 9 7] ^fc, |f*«4^K^*^^/^S<^ 

v^, ±E#*K i l i WtW»K**«^fc*- ±E¥^# 
■fytt*fe»rit+a*IHc*:«EKT^ttET-C±E** 

[0 0 9 8] *fc, MStJlsojSWo^Wft+ylsao 
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#*4ft»4h V V7^<oH<OvWlo^ 
1£#XimPWXt\*X* 0. 0 1 TorrETFoXSt 

-eft5o-c, ±b#* 

[0 0 9 9] 4ft, »3Wl6<0»W«>*»#+/»*^ 

- r> ju^/cn^ey y/w-r ytDi^-f ftd* 1 o£^A/ft#* 
SrKWW/* 1^"Cn 0.01 Torr^T^SS^^tT 5 

[0 10 0] 4ft, «|**7©»W<o**W^/iB*^> 

ttd* l o 4: E3 7 y {by^^ - C A * ft. tt^e y ¥ /w yco 
v^^l<5fc^A/«^*rJR»^i:LT, 0. 0 
lTorr^T<OK£*-Cff5tf>-C, ±E#*<0#^4ft 

Jf/V^r =. ? A a» ft 5 / ttfi<D»J*£*iB 

[0 10 1] 4ft, »**8<03BW©**»:^/»*^ 

[0102] 4ft, B*3S9©*W<o**#-f>'teft© 
Biste, t<U/6)sOB«fc«fc1-J:5fc* 

[0 10 3] 4ft, 0<Z>»W<O^*#:^/ttft 



^4ftlt^>y ay^yw^Aoa^oS'&a^l* 

[0104] 4ft, w#ju noaw^ttt/iii 

[cfc^T, ±fc*m#T Stefan 9 

£\ iE***^*******^*^^^^ 3/9 

y^ t ^7^*f: 1* y 5 *><0^T 

ti^loSrJgfl-^t U-C, 4ftte, ^7^,^ 
7 y#*4 ftf* h U ->7VM 5 %0>^1'tia» loi 

r^r^vjayiWfcWItst*^ ±B**£ 

#^/ttft«r»*ra^^y^»* 10Torr»T*>* 
£*4ftiSl 0TorrEJLT<Ott{btt*#^4^ x *^^>* 

[0 10 5] 4ft, 2<D»H©¥»fr*V«Ii 

fcfcvvt, iEH^^^ttW 5 ^^^^*^* 5 
1 o£B»;tf* fc UC\ 4ftH, i7yft^- 

yyl/-r-i?i,S»RSr«tt't5t#lC, lOTorr^T^) 
X£*4ftf*l OTorr^TcoK{bti^^L^V^^O 

[0 10 6] 4ft, »#JK1 3co^o*^^y^ 
0»5t*fttt, 0O*«#^/ttfi«)»3t** 
(c«v>-c, ±E^^V*Sf 0 ^vy 

r, 4ftJi, V7^,^7^^cMJ^y 
i5^<r>o %<n\^~ffrfr l o 0 7 y ft ^ ^ a 4 ft 
H^e / y/w v^v vf fra* l o t Kfttt^r*- Ue^# * 

^/W=i*^*BISrJtat1"Sfc*^, lOTorr^T^) 
Xffit^ftttl OTorr«T©KftttS:*rtftV^^<0 

[0 10 7] 4ft, BOTHOSIfifOiHtWt/ai 
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ho 

[0 10 8] Lf:^ot, 4<D^m<0^m^ 
/ ISA £ S O I £*±fc#rii $ ttfc h 9 * © * + 

la 1 1 hi ftr <o*wojb i sengeffi^^*-*-/ 

SB "CfcS* 

[03] HI 3 ttiE^Vft^/fefi^SBt***-^^" 



0- Cfc£ o 

So 

[0 6] 0 6 ri±E2MMWE«**«>»aiy- »* 

1- &*0-?fc3 o 

[07] 07 \m^k<D b ^^X'tmMtK.i-; 

[08] 08 (Al-lOf^MW^tygfi 

-hJfeRR. 6 



[0i] 



[02] 



(A) 



(A) 



-12 
-11 



(B) 



(C) 



RK5 



(B) 



■13 



13a 



14a 



(C) 



14b 



-11 



(E) 



mm 



ft ft ft ft ft ft 



(D) 
17 



mm\ r 



(01T0LL0, 



01101101 



15 
■14b 



-1B 
-11 
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[133] 



[04] 
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(51) int. ci. 6 mm* 

H0 1L 27/115 
29/06 
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